PART I.-PHYSIOLOGY, BY M. S. PEMBREY, M.D. ANAESTHESIA is a pathological condition, but, as in other pathological conditions, the process has its representation in physiology; it is impossible to discover any change which is unique. It is the same life and the same death which the pathologist and the physiologist observe; the difference is found in the conditions of the
subject and the mental attitudes of the observers. For these reasons a mutual benefit results when anasthetists and physiologists compare their findings. In this paper it is proposed to restrict the comparison to the subject of respiration.
In the first place apncea will be considered. The modern significance of the term is an absence of the respiratory movements whereby the lungs are ventilated. In the fcetus a long and profound apncea is the normal condition for some months before birth; all the so-called mechanisms for pulmonary ventilation are present, but in reserve. If the fcetus be born two or three months before full term, the co-ordinated rhythmic processes of inspiration and expiration can-be established efficiently. The fact is beyond dispute, but not the explanation. It is difficult to understand how such a complex series of movements can suddenly arise in response to the need of air to breathe. In muscular work the general rule is progressive training, trial and error, but here in the first breath might appear an exception. This difficulty has been removed by Ahlfeld [1] , whose observations have been confirmed by others.
He recorded rhythmic muscular contractions of the human fcetus within the uterus; these shallow movements appeared to be respiratory in nature and to arise from stimulation of the medulla by gaseous changes in the blood. The objection that amniotic fluid would be drawn into the lungs is of little import, for it would onlv pass in and out of the naso-pharynx and is sterile and isotonic. It is possible also that reflex inhibition may occur if the fluid penetrates too far. Moreover, it is known that the fcetus swallows amniotic fluid. Cohnstein and Zuntz [2] removed a fretal sheep from the uterus without damage to the circulation through the placenta; they found that stimulation of the skin, even blowing air into the nostrils, did not cause respiratory movements, but evoked only general reflexes. The premature lamb sucked the experimenter's finger when it was placed in its mouth, and from time to time spontaneously moved its body, but did not draw a single breath until the umbilical cord was tied.
Undue importance has been ascribed to cutaneous stimulation as a cause of the first breath. An infant born in the tropics draws its first breath as readily as one born in a temperate climate or in the Arctic regions. Ahlfeld has shown that infants delivered into a bath at the temperature of the mother's body do not delay iheir first breath. Breathing by the lungs may commence when the head is in the gen,ital canal: in cases of very protracted labour the full-term fcetus has given respiratory movements inside the uterus, for after death amniotic fluid, fental hair and weconium have been found in the trachea and bronchi. On the other hand, it is well known that, if the placental circulation be intact, the fcetus may be subjected to much manipulation in cases of complicated labour or false presentation without being stimulated to breathe prematurely within the uterus.
Cutaneous stimulation can be regarded only as exerting an accessory influence upon the respiratory centre. The effective stimuli are found in changes in the composition of the blood, an increase in the tension of carbonic acid, a decrease in Ar-A 1 [December 4, 1925. that of oxygen. The equilibrium between acid and base in the blood is maintained by constant adjustments; the respiratory movements are an expression of one of these processes-the removal of carbonic acid. The excitability of the respiratory centre is low in the foetus and the infant, for they show a greater resistance to lack of oxygen and accumulation of carbon dioxide than does the adult. A cat will not survive submersion in water for three minutes, but a kitten two days old will recover after it has been under water for as long as twenty minutes. The young mammal retains characteristics of its cold-blooded ancestors. These old experiments [3] have a practical importance in their application to cases of suspended animation in infants at birth. There is further evidence that apncea signifies diminished excitability of the nervous system and the absence of sufficient carbonic or other acid to stimulate the respiratory centre; at the same time the evidence shows that apncea is not due to an excess of oxygen. In hibernating mammals [4] , such as the dormouse, hedgehog, bat and marmot, the respiratory movements are different in type according to the activity and temperature of the animal. In the torpid animals with a temperature below 120 C. there are long periods of apncea lasting several minutes and broken only by a few respirations; in the inactive animal with a temperature rising above 130 the periods of apncea become shorter and the periodicity that of Biot's type [5] with a sudden commencement and cessation of breathing, or the Cheyne-Stokes type with a gradual waxing and waning. During these stages of hibernation the excitability of the animal is profoundly depressed, but there is no relaxation of muscular tone; on the contrary, a rigidity which in some respects resembles that observed in some men during the unconsciousness produced by lack of oxygen.
During sleep Cheyne-Stokes breathing is observed in healthy infants and should be regarded as a physiological condition. The same type of breathing has often been noted in old people during sleep, and here again its significance may have no relation to disease, but to a diminished excitability of the nervous system. It is well known that morphia will produce periodic breathing, often Cheyne-Stokes in type, and in this connexion it is interesting to recall the old treatment, making the patient walk about whether he will or not. The success of this treatment can now be explained as due to the production of carbonic acid in sufficient quantity to stimulate the depressed respiratory centre. Yandell Henderson [6] in recent times has shown the value of the administration of oxygen containing 5 per cent. of carbon dioxide to patients poisoned with morphia. In some places it appears to be the routine practice to give patients an injection of morphia some time before the induction of anesthesia; the drug depresses the excitability of the respiratory centre, and in patients who are especially sensitive to the drug it may give rise to serious failure of respiration.
The injection of adrenalin into aniesthetized animals will sometimes produce Cheyne-Stokes respiration. This condition, according to the investigations of Ff. Roberts [7] , ip dule to want of oxygen produced in the respiratory centre by vasoconstriction.
The classical type of periodic breathing called after the names of Cheyne and.'
Stokes is observed in some forms of heart disease and arterio-sclerosis. The periods of apncea alternating with periods of waxing and waning respiration can be abolis,ned most readily by air containing 3 or 4 per cent. of carbon dioxide, more slowly by high percentages of oxygen such as 80 or 90, or even by a deficient supply of oxygen, such as 12 per cent. Analyses [8] of the alveolar air of the lungs show in typical cases a low tension of oxygen and a high tension of carbon dioxide at the beginning of the period of breathing, and the opposite during the last waning breaths. Such results indicate that this periodic breathing is due to a diminished excitability of the nervous system associated with a defective supply of arterial blood; the carbonic acid accumulates and the oxygen diminishes until the nerve cells are stimulated, the waxing respirations begin and culminate in hyperpncea or dyspncea, whereby a large quantity of carbonic acid is washed out and sufficient oxygen is taken into the blood; apncea follows owing to the absence of an adequate tension of carbonic acid to stimulate the respiratory centre. The inhalation of air containing more than 2 per cent. of carbon dioxide abolishes apncea by maintaining the tension of that gas in the alveolar air and the blood at its stimulating value. The administration of pure oxygen by means of a mask and valves abolishes apncea by maintaining the partial pressure of carbonic acid in the blood at its stimulating level; the respiratory centre is no longer excited by lack of oxygen to send out the forcible impulses which had previously resulted in excessive ventilation, whereby carbon dioxide was washed out of the alveoli and the blood. Air containing a smaller percentage of oxygen than that present in atmospheric air abolishes apncea; the constant deficiency of oxygen stimulates the respiratory centre.
The same type of breathing has been observed in healthy men after ascents to high altitudes, especially when their excitability was reduced by sleep. Experimentally, as Haldane and Douglas [9] have shown, it is possible to induce this periodic breathing in healthy men by a lack of oxygen due to re-breathing expired air deprived of carbon dioxide by soda lime.
In hysterical patients Cheyne-Stokes respiration has been observed; it can be abolished by suggestion.
There remains for consideration another type of apncea which was described by Noel Paton [10] and F. M. Huxley as the postural apnea of diving birds. When a duck is held with outstretched neck in the posture for diving, all respiratory movements are inhibited and a long period of apncea is the result. The afferent impulses in this reflex arise in the muscles of the neck and in the labyrinths, for the apncea cannot be produced if the corresponding nerves be divided.
A reflex inhibition of respiration, it would seem, is the chief factor leading to anoxawmia and death in cases of drowning in a few inches of water. The immersion of the face in a depth of water sufficient to cover the nose and mouth appears to start the sequence of events, whether the act be voluntary as in a case of suicide, or involuntary in epileptics or accidents to healthy subjects.
The apncea which can be obtained by forced breathing enables a man to remain under water a long time after a dive; this, however, is a dangerous proceeding and has been attended by fatal results in some cases, the diminished excitability produced by the removal of too much carbonic acid causing anoxwemia, unconsciousness and death.
Forced breathing washes out carbon dioxide and produces the condition of acapnia, to which Yandell Henderson [11] has especially directed the attention of anaesthetists.
As long ago as 1876, Addinell Hewson [121 of Philadelphia, published in the Transactions of the lnternational MIedical Congress a paper on the analgesic effects of rapid breathing; he gave an account of his experiments and the operations which he had performed upon his patients during this condition. He found that breathing at a rate of forty or fifty per minute for three to five minutes was necessary for the production of the desired degreb of analgesia. The condition was recognized as one .of cyanosis by the colour of the patients' lips and cheeks and the blood which escaped during operations. Muscular rigidity was in some cases very definite, in others very slight and transient. The induction of this state he considered to be due to a "diminution in the respiratory function, a cutting off of the normal supply of oxygen and retaining the carbonic acid in the blood to be sent to the nerve centres."
The occurrence, causation and significance of apncea in health and disease have been considered in detail, because the condition is one of fundamental importance in relation to aniesthesia. The respiratory movements are not only an indication of the ventilation of the lungs, but also of the excitability of the nervous system and the circulation and composition of the blood; they afford more varied information to the anesthetist than an examination of the pulse.
The counterpart of apncea is found in the difficult and laboured respiratory movements which constitute dyspnca. The former, as we have seen, indicates the absence of stimulation; the latter is evidence of vigorous excitation of the nervous system. Similar factors are concerned, for the effects of oxygen and carbonic acid are relative to their tensions and the excitability of the nervous system.
During running an athlete passes through a stage of hyperpncea followed by dyspncea, but if in spite of distress he continues to run at the same speed, an adjustment of the output of carbon dioxide and the intake of oxygen occurs and he obtains what he calls his "second wind." [13] In many contests the condition of the runners at the end is one of anoxmmia.
Cyanosis is a state of anoxiemia, and in its most typical form is seen in mammals immediately after birth. In such cases it is a physiological condition. The disturbance or interruption in the placental circulation has caused a fall in the oxygen and a rise in the carbonic acid of the fcetal-blood, two factors which will stimulate the respiratory centre and start the ventilation of the lungs. This form of cyanosis is well known to gyniecologists under the term "blue asphyxia," in contradistinction to "white asphyxia," a condition of anoxtemia accompanied by a failing circulation of the blood.
Sufficient examples have been given to support the contention that pathological processes are not unique but have their representation in physiology. It is now necessary to consider the evidence from the side of anesthesia. This is given by Dr. Shipway in Part II.
PART II.-ANESTHESIA, BY F. E. SHIPWAY, M.D. A frequent cause of apnoea during anesthesia is the instruction given to the patient to "breathe deeply." Deep breathing washes out too much carbon dioxide. Respiration should be natural, that is, quiet and easy, and any attempt of the patient to breathe rapidly and deeply in order to obtain unconsciousness in the shortest possible time should be restrained, for it disturbs the natural ventilation of the lungs and the administration. Sometimes this desire arises from nervousness, a feeling of asphyxia, or the memory of a former induction during which this symptom was present. A rapid induction cannot be obtained without a sense of discomfort, for it is impossible to establish rapidly the required tension of the antesthetic in the blood without cutting down the supply of oxygen and, in the case of chloroform, running the risk of over dosage.
Apncea during induction with chloroform may lead to syncope from direct action on the heart, if at the time that breathing is resumed a high concentration of vapour is present and the inspirations are deep. Apnca may also occur during chloroform anwesthesia, especially in feeble subjects, elderly people, and those who suffer from arteriosclerosis, if the drug be given by the open method. Cheyne-Stokes breathing may be established. It is caused chiefly by the lowering of the arterial pressure
